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The importance of crystalline defects in the initiation	of	an	explosive	by	a	shock	wave	
has	been	known	for	many	decades,	but	a	detailed	
relationship	between	specific	structural	features	and	





results in the formation of regions of locally increased 
temperature at these voids and defects; often referred 
to	as	“hot	spots”.	These	are	the	areas	at	which	
chemical reaction begins and propagates. The onset 
of reaction due to hot spot formation can occur at 
shock	pressures	well	below	that	needed	to	initiate	
reaction in an ideal, defect-free bulk explosive. Void 
space thus plays a key role in the safety of explosive 
materials, but systematic experimental studies of 






initiation. The sensitivity differences in this case 








the measurements to probe only the internal voids. 
Powders	of	cyclotrimethylene-trinitramine,	
commonly	referred	to	as	RDX,	were	obtained	from	
four manufacturers as part of a comparative study 
on insensitive explosives. The impurity content of 
all	samples	was	tested	with	high-performance	liquid	
chromatography and 1H	NMR	to	confirm	the	levels	
of impurity phases and search for any possible 
solvent that may have been trapped in interior voids. 
Within the limits of detection (< 1 % volume fraction), no 
such	impurities	were	observed.	Density	measurements	
were	taken	using	a	helium	gas	pycnometer,	and	within	
the expected error of the pycnometry measurements the 







cross-section per unit volume.
The dominant feature in all neutron studies of our RDX 
samples	is	a	power-law	scattering	that	extends	over	a	very	
wide	SANS	and	USANS	range	(see	Fig.	2).	The	scattering	
continues	to	increase	even	at	the	lowest	Q range (i.e., largest 
length	scale)	probed	by	USANS.	A	power-law	behavior	Q-m 
FIGURE 1: Optical microscopy of RDX samples in an index of refraction 
matching fluid. Dark regions show void spaces that may serve as “hot 
spots” where reaction begins.
FIGURE 2: SANS and USANS data for two RDX samples. Solid lines 
are fits to the data using a surface fractal model.
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is	observed,	where	m varies	between	3.1	and	3.6.	Exponents	
in this range generally correspond to fractal scattering from 
surfaces	with	a	dimensionality	D =	6	-	m	between	2	and	3	
[2]. The data suggests internal fractal surfaces are present 
in	RDX	over	a	wide	range	of	length	scales,	from ≈ 50 nm 




size a void must be to become a hot spot during initiation. 
Previous	work	on	powders	of	the	explosive	HMX	had	
suggested that polydisperse spherical voids on the order of 
3 nm to 60 nm may be present and important for sensitivity 
[3];	we	find	no	evidence	of	such	features	in	our	RDX	
samples. Around 10 nm to 30 nm the intensity of the fractal 
surface scattering becomes comparable to the background, 




involves an integration of the cross section over Q and 




the pycnometry densities of the samples are similar, the 
invariant	tracks	with	the	shock	sensitivity	values	derived	
from	the	large-scale	gap	tests.	Thus,	with	other	material	
properties held constant to the extent possible, the 
internal void space on length scales from 60 nm to 20 μm 
appears	to	be	well	correlated	with	macroscopic	changes	
in	sensitivity	of	the	explosive	RDX.	While	one	would	
expect this trend based on general theories of hot spot 
formation	in	explosives,	direct	experimental	links	between	
specific	mesostructural	crystal	features	and	accurate	shock	
sensitivity tests have been limited.
What is the origin of the fractal scattering in the explosive 
samples?	One	possibility	is	that	these	fractal	regions	
arise	from	a	crystal	growth	process	that	occurs	on	the	
surface of interior voids as solvent diffuses out of the RDX 
crystals.	The	commercial	samples	used	were	subjected	
to thermal cycling during the manufacturing and post-
production	processes	that	would	encourage	diffusion	of	





complex dendritic crystal structure formed during drop-
cast	growth	of	microgram	quantities	of	RDX	on	an	Au	






initiation. The neutron scattering for all samples exhibits 
a	fractal	behavior	indicative	of	surface	fractals	with	a	
dimensionality	between	2.4	and	2.9.	The	fractal	behavior	
extends up to the maximum length scales measured in 
our USANS experiments, indicating a fractal correlation 
length on the order of 30 μm or higher. No evidence of 
distinct nanometer-scale void distributions is observed. The 
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FIGURE 3: The susceptibility to accidental initiation as measured 
by the large-scale gap test (LSGT) is plotted versus the neutron 
scattering invariant calculated from the SANS and USANS data. The 
invariant is a general measure of the volume fraction of void space. As 
void space in the 60 nm to 20 μm range increases, less shock pressure 
is needed to induce the explosive to detonate.
